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1
SEMICONDUCTOR MEMORY TEST
METHOD AND SEMICONDUCTOR MEMORY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2011-
287935, filed on Dec. 28, 2011, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a semi-
conductor memory test method and a semiconductor
memory.

BACKGROUND

The following sampling erase test is proposed as a semi-
conductor memory erase test. In this sampling erase test, the
number of erase pulses by which erase is completed for a part
of memory cells in a memory cell array is found and erase is
performed in a remaining area on the basis of the number of
erase pulses.

The following erase test method is proposed as an
EEPROM (Electrically Erasable Programmable Read-Only
Memory) erase test method. In this erase test method, an erase
test is repeated in a part of a storage area until the determina-
tion that erase is performed normally is made, the width of an
erase pulse is set on the basis of the number of repetitions, and
an erase test is performed in a remaining large part of the
storage area by the use of the pulse width.

Japanese Laid-open Patent Publication No. 08-31189
Japanese Laid-open Patent Publication No. 2000-207897
Japanese Laid-open Patent Publication No. 2001-273792

It is assumed that the number or width of erase pulses
obtained by performing an erase test in a part of a storage area
is considered as a verification threshold at the time of per-
forming verification in a remaining part of the storage area. If
erase is completed for a memory cell before this verification
threshold is reached, then the determination that the memory
cell is normal is made.

There may be a memory cell in a part of a storage area
which needs a long time for erase, compared with the other
memory cells. In this case, the number or width of erase
pulses obtained is influenced by the memory cell. As a result,
a verification threshold becomes high and a verification stan-
dard is relaxed at the time of performing verification in a
remaining part of the storage area. In this case, a memory cell
which is originally bad cannot be detected and the reliability
of'a semiconductor memory decreases.

SUMMARY

According to an aspect, there is provided a semiconductor
memory test method including performing a first erase test by
applying an erase pulse to series of memory cells which are
included in a memory cell array and which are divided into a
plurality of groups until appearance of a group for which the
determination that erase is completed is made and performing
a second erase test on other series of memory cells including
the series of memory cells on the basis of the number of erase
pulses at the time of detecting a group for which the determi-
nation that erase is completed is made first.
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2

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an example of a semiconductor memory test
method according to a first embodiment;

FIG. 2 is an example of a semiconductor memory accord-
ing to a first embodiment;

FIG. 3 is an example of a semiconductor memory accord-
ing to a second embodiment;

FIG. 4 is a flow chart of an example of an erase test;

FIG. 5 is an example of an address sequence in a sector
designated in a first erase test;

FIG. 6 indicates the state of each cell just after the begin-
ning of the first erase test;

FIG. 7 is an example of erase verification;

FIG. 8 is an example of a determination standard for erase
verification;

FIG. 9 illustrates a state at the time of a cell that fails in
verification being detected in all groups;

FIG. 10 is an example of the state of each cell during the
first erase test;

FIG. 11 illustrates a state in which all cells in a block in a
group that are objects of erase verification have passed veri-
fication;

FIG. 12 is a flow chart of an example of the first erase test;

FIG. 13 is a flow chart of an example of a second erase test;

FIG. 14 is a flow chart of an example of a verification and
redundancy process; and

FIG. 15 illustrates a modification of the semiconductor
memory according to the second embodiment.

DESCRIPTION OF EMBODIMENTS

Embodiments of a semiconductor memory test method and
a semiconductor memory will now be described with refer-
ence to the accompanying drawings, wherein like reference
numerals refer to like elements throughout.

First Embodiment

FIG. 1 is an example of a semiconductor memory test
method according to a first embodiment.

Furthermore, FIG. 2 is an example of a semiconductor
memory according to a first embodiment. FIG. 2 will be
described first.

A semiconductor memory 1 is, for example, a nonvolatile
memory, such as a flash memory, and includes a memory core
2, a command generation circuit 3, a test control circuit 4, an
operation control circuit 5, an address controller 6, an address
generation circuit 7, and a data input-output circuit 8.

The memory core 2 includes a memory cell array 2q, a
reference cell array 24, a selection circuit 2¢, and a read-write
circuit 2d.

A plurality of memory cells are arranged like a matrix in
the memory cell array 2a. The reference cell array 25 includes
a reference cell compared at test time with a memory cell
(hereinafter simply referred to as a “cell”) included in the
memory cell array 2a. For example, an electric current which
flows to a reference cell is compared at erase test time with an
electric current which flows to a memory cell in the memory
cell array 2a that is an object of an erase test. The selection
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circuit 2¢ selects a cell in the memory cell array 2q in accor-
dance with an address inputted, and applies determined volt-
age. The read-write circuit 24 reads out data from or writes
data to a selected cell.

The command generation circuit 3 generates a read com-
mand, a write command, an erase command, test mode, or the
like in response to a control signal or an address inputted from
the outside.

The test control circuit 4 performs a write test, a read test,
an erase test, or the like in response to the test mode desig-
nated by the command generation circuit 3.

In response to a command generated by the command
generation circuit 3 or a signal from the test control circuit 4,
the operation control circuit 5 generates a signal for control-
ling the memory core 2, and supplies it to the selection circuit
2¢ and the read-write circuit 2d.

In response to a command generated by the command
generation circuit 3 or a signal from the test control circuit 4,
the address controller 6 controls internal addresses (column
address and a row address) generated by the address genera-
tion circuit 7.

The address generation circuit 7 accepts an address from
the outside and generates internal addresses under the control
of the address controller 6.

The data input-output circuit 8 outputs data read out from
the memory cell array 2a or inputs data to be written to the
memory cell array 2a.

In FIG. 2, a circuit section which generates internal voltage
or a circuit section which performs a redundancy function for
replacing a bad cell in the memory cell array 2a with a normal
cell is not illustrated.

The operation of the semiconductor memory 1 at erase test
time will now be described by the use of FIGS. 1 and 2.

As illustrated in FIG. 1, in this embodiment an erase test
includes two steps.

(Step S1: First Erase Test)

The test control circuit 4 performs a first erase test on series
of memory cells which are included in the memory cell array
2a and which are divided into a plurality of groups by apply-
ing an erase pulse until the appearance of a group for which
the determination that erase is completed is made.

FIG. 1 illustrates series of memory cells divided into two
groups A and B. The series of memory cells are a part of cells
in the memory cell array 2a. In the example of FIG. 1, the
series of memory cells arranged obliquely to a column direc-
tion and a row direction are illustrated.

The test control circuit 4 makes the operation control cir-
cuit 5 generate an erase pulse having determined width and
apply it to, for example, series of memory cells which include
a series of memory cells in each group and which are treated
as an erase unit (sector).

In order to determine whether erase is completed for each
cell of the series of memory cells, the test control circuit 4
then controls the address controller 6 to make the address
generation circuit 7 generate an address for selecting a refer-
ence cell for an erase test from the reference cell array 2b.
Furthermore, the test control circuit 4 gives the address con-
troller 6 instructions to generate addresses for selecting a
series of memory cells in each of the groups A and B.

If the series of memory cells in the example of FIG. 1 are
selected, then the address controller 6 gives the address gen-
eration circuit 7 instructions to increment or decrement a row
address and a column address. By doing so, a cell at the same
row address is selected in order in each of the groups A and B.
The test control circuit 4 then makes the operation control
circuit 5 output a control signal for performing the operation
of reading the memory core 2.
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The read-write circuit 24 includes, for example, a sense
amplifier for comparing a value (drain-source current value,
for example) read out from a reference cell with a value read
out from a cell selected from a series of memory cells. On the
basis of a comparison result, the test control circuit 4 deter-
mines whether or not erase is completed for the selected cell.
For example, if a current value in the selected cell is greater
than a current value in the reference cell, then the test control
circuit 4 determines that erase is completed (pass). If the
current value in the selected cell is smaller than the current
value in the reference cell, then the test control circuit 4
determines that erase is not completed (fail).

Ifthere is a cell which fails in verification among a series of
memory cells in each of the groups A and B, then the test
control circuit 4 applies an erase pulse one by one until the
appearance of one of the groups A and B for which erase is
completed, and repeats the same verification that is described
above.

As illustrated in FIG. 1, for example, it is assumed that
when the number of erase pulses is X, all of the series of
memory cells in the group A pass verification. In this case, the
test control circuit 4 terminates the first erase test even ifa cell
which fails in verification or a cell which is not yet verified
remains in the group B at the time of the number of erase
pulses being X. The test control circuit 4 holds the number of
erase pulses (X) at that time.

(Step S2: Second Erase Test)

On the basis of the number of erase pulses at the time of
detecting a group in which erase is completed first for a series
of memory cells, the test control circuit 4 performs a second
erase test on other series of memory cells (all memory cells in
a sector, for example) including the above series of memory
cells.

As stated above, for example, if erase is completed first for
the series of memory cells in the group A, then the
number (=X) of erase pulses at that time is applied in the
second erase test. The test control circuit 4 performs a erase
test on all memory cells in a sector in the same way that is
described above. For example, the test control circuit 4 com-
pares all the memory cells in the sector with a reference cell.
In the example of FIG. 1, two cells which fail in verification
are detected by this erase test. For example, these cells can be
replaced with normal cells by a redundancy technique
described later.

A value obtained by multiplying the number (X) of erase
pulses obtained in the first erase test by a coefficient may be
used as the number of erase pulses applied in the second erase
test.

In the second erase test a cell for which erase is performed
atthe time of erase pulses based on the number of erase pulses
obtained in the first erase test being applied passes verifica-
tion. Accordingly, it may safely be said that the number of
erase pulses obtained in the first erase test is a verification
threshold at the time of the second erase test.

When the first erase test is performed, there may be a cell
(cell in the group B of FIG. 1 which fails in verification, for
example) which needs a peculiarly long time for erase
because of, for example, a problem with a process. Even in
that case, the above technique can prevent the number of erase
pulses applied in the second erase test from increasing by its
influence. That is to say, a rise in a verification threshold and
relaxation of a verification standard at the time of the second
erase test based on the reason that a part of cells need a long
time for erase can be prevented.

Therefore, a cell which needs a long time for erase can be
verified with accuracy. By replacing such a cell with a normal
cell by the redundancy technique described later, effective
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erase time for a semiconductor memory can be reduced.
Furthermore, a decrease in the reliability of a semiconductor
memory caused by the relaxation of a verification standard
can be prevented.

In the above description verification is performed by the
use of a reference cell. However, a verification method is not
limited to this. The test control circuit 4 may verify from, for
example, a change in voltage at a terminal of a cell to be tested
whether or not erase is performed correctly.

Second Embodiment

FIG. 3 is an example of a semiconductor memory accord-
ing to a second embodiment.

A semiconductor memory 10 according to a second
embodiment is, for example, a flash memory. The semicon-
ductor memory 10 includes a memory core 11, a command
generation circuit 12, a GIST (Built-In Self Test) control
circuit 13, an operation control circuit 14, an address control-
ler 15, an address generation circuit 16, and a data input-
output circuit 17. In addition, the semiconductor memory 10
includes an internal voltage generation circuit 18, a redun-
dancy CAM (Content Addressable Memory) 19, a CAM
access control circuit 20, and a bus control circuit 21.

The memory core 11 includes a memory cell array 111, a
reference cell array 112, an X control circuit 113, a’Y control
circuit 114, a read-write amplifier 115, and a redundancy
circuit 116.

A plurality of cells are arranged like a matrix in the
memory cell array 111. The memory cell array 111 includes
a redundant memory cell array 111a. A reference cell com-
pared at test time with a cell included in the memory cell array
111 is included in the reference cell array 112.

In response to a row address generated by the address
generation circuit 16 and a control signal from the operation
control circuit 14, the X control circuit 113 applies deter-
mined voltage to, for example, a gate of a cell included in the
memory cell array 111a.

In response to a column address generated by the address
generation circuit 16 and a control signal from the operation
control circuit 14, the Y control circuit 114 applies deter-
mined voltage to a bit line of a memory cell included in the
memory cell array 111a and the read-write amplifier 115
performs read or write operation.

The redundancy circuit 116 has the functions of the Y
control circuit 114 and the read-write amplifier 115 on the
redundant memory cell array 111a.

The command generation circuit 12 is connected to exter-
nal terminals CEX, WEX, and CLK and an address terminal
ADD. In response to a chip enable signal, a write enable
signal, a clock signal, and an address inputted from these
terminals, the command generation circuit 12 generates a
read command, a write command, an erase command, a test
mode, or the like.

The BIST control circuit 13 has the function of the test
control circuit 4 illustrated in FIG. 2 and performs a write test,
a read test, an erase test, or the like according to a test mode
designated by the command generation circuit 12. The BIST
control circuit 13 has the function of determining whether or
not erase is performed correctly in an erase test. Furthermore,
the BIST control circuit 13 includes a counter 134 for count-
ing the number of erase pulses and a register 134 for storing
an address of a cell which fails at erase test time. The counter
13a and the register 135 may be placed outside the BIST
control circuit 13.

In response to a command generated by the command
generation circuit 12 or a signal from the BIST control circuit
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13, the operation control circuit 14 generates a signal for
controlling the memory core 11, and supplies it to the X
control circuit 113, the Y control circuit 114, and the read-
write amplifier 115.

In response to a command generated by the command
generation circuit 12 or a signal from the BIST control circuit
13, the address controller 15 controls internal addresses (col-
umn address and a row address) generated by the address
generation circuit 16.

The address generation circuit 16 inputs an external
address from the address terminal ADD and generates inter-
nal addresses in accordance with instructions from the
address controller 15. There are a plurality of address termi-
nals ADD (not illustrated).

The data input-output circuit 17 is connected to an input-
output terminal 10. The data input-output circuit 17 outputs
data read out from the memory cell array 111 or inputs data to
be written to the memory cell array 111. There are a plurality
of input-output terminals IO (not illustrated).

The internal voltage generation circuit 18 generates vari-
ous internal voltages on the basis of a control signal supplied
from the BIST control circuit 13 and supplies them to the
redundancy CAM 19, the X control circuit 113, and the
memory cell array 111.

The redundancy CAM 19 holds addresses of a bad cell
replaced. The CAM access control circuit 20 controls write
access, read access, or the like to the redundancy CAM 19 on
the basis of a control signal from the BIST control circuit 13.

The bus control circuit 21 is connected between the data
input-output circuit 17 and the read-write amplifier 115 and
controls data carried by a bus 22.

(Erase Test by Semiconductor Memory 10)

FIG. 4 is a flow chart of an example of an erase test.

As indicated in FIG. 4, an erase test includes three steps.

(Step S10: First Erase Test)

A first erase test is performed on series of memory cells
which is a part of a sector that is an erase unit in the memory
cell array 111. The series of memory cells which is a part of
the sector are divided into a plurality of groups. At the time
when a first group in which erase is completed appears, the
number of erase pulses applied to the sector is held and the
first erase test on the sector terminates.

(Step S11: Second Erase Test)

A second erase test is performed on all cells in all sectors.
On the basis of a value (hereinafter referred to as a “MAX
pulse number”) obtained by multiplying the number of erase
pulses in each sector found in step S10 by a determined
coefficient, an erase test is performed on all cells in each
sector. The reason for doing a multiplication by the use of a
coefficient is as follows. The first erase test is performed on a
part of memory cells in a sector, so there is a possibility that
the states of all the cells in the sector are not reflected. This
coefficient is set empirically on the basis of, for example, the
results of past erase tests.

In the second erase test information (flag value) indicative
of a sector including a cell for which erase cannot be per-
formed by erase pulses the number of which corresponds to a
MAX pulse number is stored in the register 135 of the BIST
control circuit 13.

(Step S12: Verification and Redundancy Process)

Verification is performed on all cells in a sector including a
cell for which erase cannot be performed by erase pulses the
number of which corresponds to a MAX pulse number. A cell
which fails in verification is then replaced with a cell included
in the redundant memory cell array 111a. A sector including
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a cell which fails in verification may be replaced with a series
of cells included in the redundant memory cell array 111a.

Each step will now be described in detail.

(First Erase Test)

In the first erase test the address controller 15 controlled by
the BIST control circuit 13 selects, for example, a part of cells
included in each sector in the following way.

FIG. 5 is an example of an address sequence in a sector
designated in the first erase test.

A sector 30 includes, for example, blocks BKO, . .. , BK15,
BK16, . . ., BK31 each including a plurality of cells and
blocks BK32 and BK33 each including redundant cells. For
example, the blocks BKO0 through BK31 correspond to 32
input-output terminals IO and data inputted from these input-
output terminals 10O is written to the blocks BK0 through
BK31.

In the above sector 30 the address controller 15 increments
or decrements a column address and a row address in each of
the blocks BK0 through BK33 to designate addresses in an
oblique direction as illustrated in FIG. 5. For example, it is
assumed that an arrow Al indicates a direction in which a
column address decreases and that an arrow A2 indicates a
direction in which a row address decreases. Then addresses
indicated in FIG. 5 are designated by decrementing both of a
column address and a row address. By doing so, a cell at the
same row address is selected in order in each of the blocks
BKO0 through BK33.

A method for selecting a part of cells in each sector is not
limited to the above example. For example, cells at a corner of
a sector may be selected.

In the following description it is assumed that the BIST
control circuit 13 considers a series of cells selected in the
blocks BK0 through BK15 as a group G1, considers a series
of cells selected in the blocks BK16 through BK33 as a group
(2, and performs the erase test.

However, a method for grouping is not limited to this
example. Grouping may be performed in the row direction. In
that case, the erase test may be performed by incrementing or
decrementing a column address and a row address and select-
ing a cell at the same column address in each group.

Furthermore, it is assumed that a cell in the memory cell
array 111 is in a write state at the beginning of the first erase
test.

FIG. 6 indicates the state of each cell just after the begin-
ning of the first erase test.

FIG. 6 indicates the states of cells which are objects of
verification and which are included in the block BK0 that
belongs to the group G1 illustrated in FIG. 5 and the block
BK16 that belongs to the group G2 illustrated in FIG. 5. A
black cell indicates that it has failed in verification. A white
cell indicates that verification is not yet performed on it.

First the BIST control circuit 13 performs erase verifica-
tion on a top left-hand cell of each of the blocks BK0 and
BK16. In a state in which an erase pulse is not applied,
however, a verification result is a fail as indicated in FIG. 6.
Until the verification result of a pass is obtained for a first cell
in each block, the BIST control circuit 13 adds an erase pulse
to be applied to all cells in the sector and counts the number of
erase pulses by the counter 13a.

FIG. 7 is an example of erase verification.

Aterase verification time a cell 40 which is included in the
memory cell array 111 illustrated in FIG. 3 and which is an
object of erase verification and a reference cell 50 for erase
verification which is included in the reference cell array 112
are connected to a sense amplifier 60 and a current compari-
son is made. The sense amplifier 60 is included in, for
example, the read-write amplifier 115 of the memory core 11
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illustrated in FIG. 3. The connection of the reference cell 50
and the cell 40 to the sense amplifier 60 is controlled by, for
example, the Y control circuit 114.

In the example of FIG. 7, the reference cell 50 and the cell
40 are flash memory cells. Source regions 43 and 53 and drain
regions 44 and 54 are formed in p wells 42 and 52 formed in
deep nwells 41 and 51 respectively. In addition, floating gates
45 and 55 and control gates 46 and 56 are formed.

In order to put the reference cell 50 and the cell 40 into a
read state at erase verification time, a source terminal S con-
nected to the deep n well 41, the p well 42, and the source
region 43 and a source terminal Sr connected to the deep n
well 51, the p well 52, and the source region 53 are set to, for
example, O V. Furthermore, a voltage 0f 0.9 V is applied to a
drain terminal D connected to the drain region 44 and a drain
terminal Dr connected to the drain region 54. A voltage of 3.5
V is applied to a control gate terminal CG connected to the
control gate 46 and a control gate terminal CGr connected to
the control gate 56.

FIG. 8 is an example of a determination standard for erase
verification. A horizontal axis indicates gate-source voltage
Vgs and a vertical axis indicates drain-source current Ids.

In the Vigs-Ids characteristic of the reference cell 50 it is
assumed that when the gate-source voltage Vgs is 3.5V, the
drain-source current Ids is Idsr. If the drain-source current Ids
of'the cell 40 which is an object of erase verification is higher
than Idsr, then the sense amplifier 60 outputs “1” and the
BIST control circuit 13 determines that the cell 40 has passed
verification. If the drain-source current Ids of the cell 40
which is an object of erase verification is lower than Idsr, then
the sense amplifier 60 outputs and the BIST control circuit 13
determines that the cell 40 has failed in verification.

For example, when the BIST control circuit 13 detects that
a verification result of a first cell in each of the blocks BK0
through BK33 is a “pass”, the BIST control circuit 13 makes
the address controller 15 designate addresses in the oblique
direction illustrated in FIG. 5. The BIST control circuit 13
then performs erase verification on a cell selected on the basis
of'addresses designated. If a cell which fails in verification is
detected in a group, then the BIST control circuit 13 stores the
addresses of the cell in the register 1354. Until a cell which fails
in verification is detected in both of the groups G1 and G2, the
BIST control circuit 13 makes the address controller 15 des-
ignate addresses.

FIG. 9 illustrates a state at the time of a cell that fails in
verification being detected in all the groups. FIG. 9 illustrates
the states of cells which are objects of erase verification and
which are included in the block BK0 that belongs to the group
G1 illustrated in FIG. 5 and the block BK16 that belongs to
the group G2 illustrated in FIG. 5. A cell in which slant lines
are drawn indicates that it has passed verification. A black cell
indicates that it has failed in verification. A white cell indi-
cates that verification is not yet performed on it.

If cells which are objects of erase verification have all
passed verification in each block which belongs to the group
G1 at the time of a cell 70 which has failed in verification
being detected in the block BK16 which belongs to the group
(G2, then the addresses of the cell 70 are stored in the register
135 and then addresses are designated. In the block BKO0
which belongs to the group G1, as illustrated in FIG. 9, erase
verification is performed on cells 71, 72, and 73. In the
example of FIG. 9, the determination that the cell 73 has
failed in verification is made.

When a cell which fails in verification is detected in all the
groups in this way, the BIST control circuit 13 makes the
operation control circuit 14 add an erase pulse. After that, the
BIST control circuit 13 reads out the addresses of the cell 70
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stored. The BIST control circuit 13 resumes verification from
cells in the blocks BKO0 through BK33 which are objects of
erase verification and row addresses of which are the same as
that of the cell 70, and stores the addresses of a cell for which
the determination that failure in verification occurs is made
first. The BIST control circuit 13 then makes the address
controller 15 designate addresses until the BIST control cir-
cuit 13 detects a cell which fails in verification in both of the
groups G1 and G2.

FIG. 10 is an example of the state of each cell during the
first erase test. FIG. 10 indicates the state of each cell after
adding an erase pulse in the state indicated in FIG. 9.

By adding an erase pulse, the cell 70 in the block BK16
which belongs to the group G2 passes verification. However,
the cell 73 in the block BK0 which belongs to the group G1
still fails in verification. If cells in the blocks BK16 through
BK33 in the group G2 the row addresses of which are the
same as that of the cell 73 have all passed verification, then the
BIST control circuit 13 stores the addresses of the cell 73 and
makes the address controller 15 designate addresses.

As illustrated in FIG. 10, erase verification is performed on
cells 74 and 75 in the block BK16 in the group G2. In the
example of FIG. 10, the determination that the cell 75 fails in
verification is made. Accordingly, the BIST control circuit 13
makes the operation control circuit 14 add an erase pulse
again. After that, the BIST control circuit 13 reads out the
addresses of the cell 73 stored. The BIST control circuit 13
resumes verification from cells in the blocks BK0 through
BK33 which are objects of erase verification and the row
addresses of which are the same as that of the cell 73.

By proceeding with the above process, all cells in ablock in
a group which are objects of erase verification pass verifica-
tion.

FIG. 11 illustrates a state in which all cells in a block in a
group that are objects of erase verification have passed veri-
fication.

In the example of FIG. 11, all cells in the block BK0 in the
group G1 which are objects of erase verification are in a state
in which they have passed verification. When all cells in
another block in the group. G1 which are objects of erase
verification are also in a state in which they have passed
verification, the first erase test on the sector 30 terminates
even if the group G2 includes the cell 75 which has failed in
verification. The BIST control circuit 13 holds the number of
erase pulses at this time.

The above first erase test is performed on all sectors in the
memory cell array 111.

In the above description the addresses of a cell which fails
first in verification are stored in the register 135 included in
the BIST control circuit 13. However, the addresses of all
cells which fail in verification may be stored.

The flow of the first erase test will now be described by the
use of a flow chart.

FIG. 12 is a flow chart of an example of the first erase test.

At the beginning of the first erase test, the BIST control
circuit 13 controls the address controller 15 to make itresetan
address generated by the address generation circuit 16. As a
result, in the example of FIG. 5 top lefi-hand addresses are
designated in the blocks BK0 through BK33 in the sector 30.
Accordingly, cells designated by these addresses are selected.

(Step S20) The BIST control circuit 13 sets a counter value
PC of the counter 13a to 0. A counter value indicates the
number of erase pulses.

(Step S21) The BIST control circuit 13 acquires from the
CAM access control circuit 20 addresses of a bad cell held in
the redundancy CAM 19. The cell designated by these
addresses is replaced (with a cell in the redundant memory
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cell array 111a), so the BIST control circuit 13 determines
that a verification result for the cell is a “pass”.

(Step S22) The BIST control circuit 13 performs erase
verification by, for example, the method illustrated in FIG. 7.
Erase verification is performed in order on cells selected in
each group. In the example of FIG. 5, for example, erase
verification is performed after the address reset on the first
cells in the blocks BK0 through BK33 which belong to the
groups G1 and G2. However, the cell for which the BIST
control circuit 13 determines in step S21 that a verification
result is a “pass” is omitted.

If the BIST control circuit 13 detects a cell which fails in
verification in one or more groups, then the BIST control
circuit 13 proceeds to step S25. If the BIST control circuit 13
detects that all cells in all groups pass verification, then the
BIST control circuit 13 proceeds to step S23.

(Step S23) The BIST control circuit 13 determines whether
or not erase verification on all cells in a sector which are
objects of erase verification (in the example of FIG. 5, all cells
in the blocks BKO0 through BK33 designated by addresses
indicated by arrows) has terminated. If the BIST control
circuit 13 determines that erase verification on all cells in the
sector which are objects of erase verification has terminated,
then the BIST control circuit 13 proceeds to step S34. If the
BIST control circuit 13 determines that erase verification on
all cells in the sector which are objects of erase verification
has not terminated, then the BIST control circuit 13 proceeds
to step S24.

(Step S24) If the BIST control circuit 13 determines that
erase verification on all cells in the sector which are objects of
erase verification has not terminated, then the BIST control
circuit 13 makes the address controller 15 designate the next
addresses in the sector. After step S24, a process is repeated
from step S22.

(Step S25) The BIST control circuit 13 stores in the register
135 addresses of a cell which fails first in verification in the
erase verification in step S22. The BIST control circuit 13
may include one register 135 or include registers 135 accord-
ing to groups.

(Step S26) The BIST control circuit 13 determines whether
or not a cell which fails in verification is detected in all the
groups. Ifacell which fails in verification is detected in all the
groups, then the BIST control circuit 13 proceeds to step S27.
If a cell which fails in verification is not detected in all the
groups, then the BIST control circuit 13 proceeds to step S31.

(Step S27) The BIST control circuit 13 determines whether
or not the counter value PC of the counter 134 is smaller than
orequal to MAX. MAX is the upper limit value of the number
of'erase pulses. [ PC<MAX, then the BIST control circuit 13
proceeds to step S28. If PC>MAX, then the BIST control
circuit 13 proceeds to step S34.

(Step S28) The BIST control circuit 13 makes the operation
control circuit 14 apply an erase pulse with determined width
to all the cells in the sector. As a result of the application of an
erase pulse, for example, a voltage of -9.3 V is applied to a
control gate of each cell and a voltage of +9.3 V is applied to
its p well.

(Step S29) The BIST control circuit 13 adds 1 to the
counter value PC of the counter 13a.

(Step S30) The BIST control circuit 13 reads out the
addresses stored in the register 135 in step S25 of the cell
which fails in verification. A process is then repeated from
step S21 at these addresses.

(Step S31) Ifthe determination that all cells in a group pass
verification is made in step S26, then the BIST control circuit
13 makes the address controller 15 designate the next
addresses in the sector.
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(Step S32) The BIST control circuit 13 performs erase
verification on a cell in each block in a group in which a cell
that fails in verification is not detected. If all cells in one or
more groups pass verification, then the BIST control circuit
13 proceeds to step S33. If a cell which fails in verification is
detected in all the groups, then the BIST control circuit 13
proceeds to step S27. In the example of FIG. 9, for example,
the determination that the cell 73 in the block BKO in the
group G1 fails in verification is made. At this time a cell which
fails in verification is detected in all the groups. Accordingly,
the above step S27 is performed.

(Step S33) The BIST control circuit 13 determines whether
or not erase verification on all cells in the sector which are
objects of erase verification has terminated. If the BIST con-
trol circuit 13 determines that erase verification on all cells in
the sector which are objects of erase verification has termi-
nated, then the BIST control circuit 13 proceeds to step S34.
If the BIST control circuit 13 determines that erase verifica-
tion on all cells in the sector which are objects of erase
verification has not terminated, then the BIST control circuit
13 proceeds to step S31.

(Step S34) The BIST control circuit 13 holds a value.
SPTCNT[sector] indicative of the number of erase pulses in
the sector to which the above process is applied in the register
135 of the BIST control circuit 13 as the counter value PC.
The variable “sector” is, for example, the number of sectors or
a sector number.

(Step S35) The BIST control circuit 13 determines whether
or not erase verification on all the sectors has terminated. For
example, the BIST control circuit 13 refers to the variable
“sector”. If sector=1, then the BIST control circuit 13 deter-
mines that erase verification on all the sectors has terminated,
and terminates the first erase test. If the BIST control circuit
13 determines that erase verification on all the sectors has not
terminated, then the BIST control circuit 13 proceeds to step
S36.

(Step S36) In order to perform the first erase test on the next
sector, the BIST control circuit 13 subtracts 1 from the value
of the variable “sector”. The BIST control circuit 13 then
performs a process on the next sector from step S20.

(Second Erase Test)

The second erase test is performed on all the cells in all the
sectors. An erase test is performed on all cells in each sector
on the basis of a value SPTCNT[sector] indicative of the
number of erase pulses in each sector found by the first erase
test.

FIG. 13 is a flow chart of an example of the second erase
test.

At the beginning of the second erase test, the BIST control
circuit 13 controls the address controller 15 to make it reset an
address generated by the address generation circuit 16. As a
result, a cell designated by first addresses in a sector is
selected.

Furthermore, each cell in a sector is in a state in which erase
pulses the number of which is indicated by SPTCNT[sector]
have been applied by the above first erase test.

(Step S40) The BIST control circuit 13 sets SPTCNT[sec-
tor| which indicates the number of erase pulses obtained by
first erase test in the counter 13a for a first sector on which the
second erase test is to be performed. That is to say, the BIST
control circuit 13 makes PC equal to SPTCNT[sector].

(Step S41) The BIST control circuit 13 acquires from the
CAM access control circuit 20 addresses of a bad cell held in
the redundancy CAM 19. The cell designated by these
addresses is replaced, so the BIST control circuit 13 deter-
mines that a verification result for the cell is a “pass”.
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(Step S42) The BIST control circuit 13 performs erase
verification by, for example, the method illustrated in FIG. 7.
In the second erase test erase verification is performed in
order on all cells in each sector. However, the cell for which
the BIST control circuit 13 determines in step S41 that a
verification result is a “pass” is omitted. If a selected cell fails
in erase verification, then the BIST control circuit 13 pro-
ceeds to step S45. If a selected cell passes erase verification,
then the BIST control circuit 13 proceeds to step S43.

(Step S43) The BIST control circuit 13 determines whether
or not erase verification on all cells in a sector has terminated.
If the BIST control circuit 13 determines that erase verifica-
tion on all the cells in the sector has terminated, then the BIST
control circuit 13 proceeds to step S49. If the BIST control
circuit 13 determines that erase verification on all the cells in
the sector has not terminated, then the BIST control circuit 13
proceeds to step S44.

(Step S44) If the BIST control circuit 13 determines that
erase verification on all the cells in the sector has not termi-
nated, then the BIST control circuit 13 makes the address
controller 15 designate the next addresses in the sector. After
step S44, a process is repeated from step S42.

(Step S45) The BIST control circuit 13 determines whether
or not the counter value PC of the counter 134 is smaller than
or equal to MAXPC. MAXPC is a MAX pulse number indi-
cated by (SPTCNT[sector|xn (determined coefficient)). If
MAXPC is greater than or equal to MAX which is the upper
limit value of the number of erase pulses, then MAXPC is
considered to be equal to MAX. If PCsMAXPC, then the
BIST control circuit 13 proceeds to step S46. [f PC>MAXPC,
then the BIST control circuit 13 proceeds to step S48. Alter-
natively, MAXPC may be indicated by ((SPTCNT[sector|+V
(determined fixed value))xn) (see Modification described
later).

(Step S46) The BIST control circuit 13 makes the operation
control circuit 14 apply an erase pulse with determined width
to all cells in a sector. As a result of the application of an erase
pulse, for example, a voltage of —9.3 V is applied to a control
gate of each cell and a voltage of +9.3 V is applied to its p well.

(Step S47) The BIST control circuit 13 adds 1 to the
counter value PC of the counter 13a and repeats a process
from step S41.

(Step S48) If PC>MAXPC, then the BIST control circuit
13 sets, for example, a flag value flag[sector]| stored in the
register 135 to H, and proceeds to step S49.

(Step S49) The BIST control circuit 13 determines whether
or not erase verification on all the sectors has terminated. For
example, the BIST control circuit 13 refers to the variable
“sector”. If sector=1, then the BIST control circuit 13 deter-
mines that erase verification on all the sectors has terminated,
and terminates the second erase test. If the BIST control
circuit 13 determines that erase verification on all the sectors
has not terminated, then the BIST control circuit 13 proceeds
to step S50.

(Step S50) In order to perform the second erase test on the
next sector, the BIST control circuit 13 subtracts 1 from the
value of the variable “sector”. The BIST control circuit 13
then performs a process on the next sector from step S40.

(Verification and Redundancy Process)

A verification and redundancy process is performed on all
cells in a sector for which the flag value flag[sector] is H.

FIG. 14 is a flow chart of an example of a verification and
redundancy process.

At the beginning of the verification and redundancy pro-
cess, the BIST control circuit 13 controls the address control-
ler 15 to make it reset an address generated by the address
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generation circuit 16. As a result, first addresses in a sector are
designated and a cell designated by these addresses is
selected.

(Step S60) The BIST control circuit 13 reads out the flag
value flag[sector] for the sector from, for example, the regis-
ter 135 and determines whether or not flag[sector]| is H. If
flag[sector] is H, then the BIST control circuit 13 proceeds to
step S62. If flag[sector] is not H, then the BIST control circuit
13 proceeds to step S61.

(Step S61) The BIST control circuit 13 subtracts 1 from the
value of the variable “sector”. The BIST control circuit 13
then makes the determination described in step S60 on the
flag value flag[sector]| for the next sector.

(Step S62) The BIST control circuit 13 acquires from the
CAM access control circuit 20 addresses of a bad cell held in
the redundancy CAM 19. The cell designated by these
addresses in the selected sector is replaced, so the BIST
control circuit 13 determines that a verification result for the
cell is a “pass”.

(Step S63) The BIST control circuit 13 performs erase
verification by, for example, the method illustrated in FI1G. 7.
Erase verification is performed in order on all cells in a sector
for which flag[sector] is H. However, the cell for which the
BIST control circuit 13 determines in step S62 that a verifi-
cation result is a “pass” is omitted. If a selected cell fails in
erase verification, then the BIST control circuit 13 proceeds
to step S66. Ifa selected cell passes erase verification, then the
BIST control circuit 13 proceeds to step S64.

(Step S64) The BIST control circuit 13 determines whether
or not erase verification on all the cells in the sector has
terminated. If the BIST control circuit 13 determines that
erase verification on all the cells in the sector has terminated,
then the BIST control circuit 13 proceeds to step S68. If the
BIST control circuit 13 determines that erase verification on
all the cells in the sector has not terminated, then the BIST
control circuit 13 proceeds to step S65.

(Step S65) If the BIST control circuit 13 determines that
erase verification on all the cells in the sector has not termi-
nated, then the BIST control circuit makes the address con-
troller 15 designate the next addresses in the sector. After step
S65, a process is repeated from step S63.

(Step S66) The BIST control circuit 13 inquires of the
CAM access control circuit 20 whether or not a cell which
fails in verification can be replaced. For example, if there
remains a replacement cell in the redundant memory cell
array 111a, then the CAM access control circuit 20 deter-
mines that the cell which fails in verification can be replaced.
As a result, step S67 is performed. For example, if there
remains no replacement cell, then the CAM access control
circuit 20 determines that the cell which fails in verification
cannot be replaced, and the verification and redundancy pro-
cess is terminated (fail stop).

(Step S67) Under the control of the BIST control circuit 13,
the CAM access control circuit 20 performs a redundancy
process for replacing the cell which fails in verification with
a cell in the redundant memory cell array 111a. At this time
addresses of the cell which fails in verification are stored in
the redundancy CAM 19. When the addresses of this cell are
designated, the redundancy circuit 116 selects the cell in the
redundant memory cell array 111a with which this cell is
replaced.

(Step S68) The BIST control circuit 13 determines whether
or not erase verification on all sectors has terminated. For
example, the BIST control circuit 13 refers to the variable
“sector”. If sector=1, then the BIST control circuit 13 deter-
mines that erase verification on all sectors for which flag
[sector] is H has terminated, and terminates the verification
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and redundancy process. If the BIST control circuit 13 deter-
mines that erase verification on all the sectors for which
flag[sector] is H has not terminated, then the BIST control
circuit 13 proceeds to step S69.

(Step S69) The GIST control circuit 13 subtracts 1 from the
value of the variable “sector” and performs a process on the
next sector from step S60.

When the first erase test is performed, there may be a cell
which needs a peculiarly long time for erase. Even in that
case, the above technique can prevent the number of erase
pulses applied in the second erase test from increasing by its
influence. That is to say, a rise in a verification threshold and
relaxation of a verification standard at the time of the second
erase test based on the reason that a part of cells need a long
time for erase can be prevented.

Therefore, a cell which needs a long time for erase can be
verified with accuracy. By replacing such a cell by a redun-
dancy process, effective erase time for a semiconductor
memory can be reduced. Furthermore, the reliability of a
semiconductor memory can be improved.

In addition, as illustrated in FIG. 5, for example, the
address controller 15 designates addresses in the blocks BK0
through BK33 in the sector 30 by the same method (by incre-
menting or decrementing a column address and a row
address) at the time of the first erase test. Therefore, a process
performed by the address controller 15 can be simplified and
an increase in circuit scale can be controlled.

MODIFICATION

FIG. 15 illustrates a modification of the semiconductor
memory according to the second embodiment. Components
in FIG. 15 which are the same as those of the semiconductor
memory 10 illustrated in FIG. 3 are marked with the same
numerals.

A BIST control circuit 130 included in a semiconductor
memory 10a includes an adder 13¢ in addition to a counter
13a and a register 13b. The adder 13¢ may be located outside
the BIST control circuit 130.

The adder 13¢ adds a fixed pulse number to SPTCNT
[sector] which is the number of erase pulses obtained by a first
erase test. For example, a fixed value to be added to SPTCNT
[sector] can be set to a value which is greater than or equal to
0 from the outside via a terminal IN. If a fixed value is used,
then a value obtained by multiplying (SPTCNT[sector]+
(fixed value)) by (coefficient n) is used as a MAX pulse
number (MAXPC) in a second erase test.

For example, if cells in a group pass verification in the first
erase test far earlier than cells in another group, then the value
of SPTCNT[sector] is too small. As a result, there may appear
many cells which fail in verification in the second erase test.
Accordingly, the number of replaced cells or the like is
referred to. If this number is too large, then the fixed value is
added to SPTCNT[sector]. By doing so, the number of erase
pulses which is used as a verification threshold in the second
erase test can be controlled. The fixed value is set empirically
on the basis of, for example, the results of past erase tests.

According to the disclosed semiconductor memory test
method and semiconductor memory, relaxation of a verifica-
tion standard at erase test time based on the influence of a
memory cell which needs a long time for erase can be pre-
vented and a decrease in the reliability of a semiconductor
memory can be prevented.

All examples and conditional language provided herein are
intended for pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventor to further the art, and are not to be construed as
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limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although one or more embodiments
of the present invention have been described in detail, it
should be understood that various changes, substitutions, and
alterations could be made hereto without departing from the
spirit and scope of the invention.
What is claimed is:
1. A semiconductor memory test method comprising:
performing a first erase test by applying an erase pulse to a
series of memory cells which are included in a memory
cell array and are divided into a plurality of groups and

verifying whether erase is completed for a first part of

the memory cells in each of the plurality of groups until
an appearance of a group for which a determination that
the erase of the first part of memory cells has been
completed is made; and

performing a second erase test on other series of memory

cells including the series of memory cells based on a
number of erase pulses at a time of detecting a group for
which the determination that the erase has been com-
pleted is made first,

wherein the first erase test includes:

verifying by use of a first number of erase pulses whether

erase has been completed for the series of memory cells
included in a first group and a second group of the
plurality of groups;

storing a row address and a column address of the first

memory cell in a register, when it is determined that the
erase has not been completed for a first memory cell
included in the first group;

performing a verification on the second group, using the

first number of erase pulses by incrementing or decre-
menting a row address and a column address in the
memory cell array;

reading out the row address and the column address of the

first memory cell stored in the register, when it is deter-
mined that erase has not been completed for a second
memory cell included in the second group; and
performing the verification on the first group and the sec-
ond group using a second number of erase pulses based
on the row address and the column address read out, the
second number being greater than the first number.

2. The semiconductor memory test method according to
claim 1, wherein:

the series of memory cells are a second part of memory

cells in a sector of the memory cell array; and

the other series of memory cells are all the memory cells in

the sector.

3. The semiconductor memory test method according to
claim 2, wherein the number of erase pulses is determined
according to sectors.

4. The semiconductor memory test method according to
claim 1, wherein when the first erase test is performed,
whether erase has been completed is verified for memory
cells in the plurality of groups at a same row address or asame

10

15

20

25

30

35

40

45

50

55

16

column address by incrementing or decrementing a row
address and a column address in the memory cell array.

5. The semiconductor memory test method according to
claim 1, wherein the second erase test is performed with a
value obtained by multiplying the number of erase pulses by
a determined coefficient as an upper limit number of erase
pulses.

6. The semiconductor memory test method according to
claim 1, wherein the second erase test is performed based on
avalue obtained by adding a determined value to the number
of erase pulses.

7. The semiconductor memory test method according to
claim 6, wherein the second erase test is performed with a
value obtained by multiplying the value obtained by adding
the determined value to the number of erase pulses by a
determined coefficient as an upper limit number of erase
pulses.

8. A semiconductor memory comprising:

a memory cell array; and

atest control circuit configured to control the semiconduc-

tor memory so as to perform a first erase test by applying
an erase pulse to a series of memory cells which are
included in a memory cell array and are divided into a
plurality of groups and verify whether erase has been
completed for a first part of memory cells in each of the
plurality of groups until an appearance of a group for
which a determination that the erase of the first part of
memory cells has been completed is made and so as to
perform a second erase test on other series of memory
cells including the series of memory cells based on a
number of erase pulses at a time of detecting a group for
which the determination that the erase has been com-
pleted is made first,

wherein the first erase test includes:

verifying by use of a first number of erase pulses whether

erase has been completed for the series of memory cells
included in a first group and a second group included in
the plurality of groups;

storing, at the time of detecting that erase has not been

completed for a first memory cell included in the first
group, a row address and a column address of the first
memory cell in a register;

performing a verification on the second group by the use of

the first number of erase pulses by incrementing or dec-
rementing a row address and a column address in the
memory cell array;
reading out the row address and the column address of the
first memory cell stored in the register, when it is deter-
mined that the erase has not been completed fora second
memory cell included in the second group; and

performing the verification on the first group and the sec-
ond group by the use of a second number of erase pulses
based on the row address and the column address read
out, the second number being greater than the first num-
ber.



